We measure a systemic risk faced by European banking sectors using the CoVaR measure. We propose the conditional value-at-risk for measuring a spillover risk which demonstrates the bilateral relation between the tail risks of two financial institutions. The aim of the study is to estimate the contribution systemic risk of the bank i in the analyzed banking sector of a country in conditions of its insolvency. The study included commercial banks from 8 emerging markets from Europe, which gave a total of 40 banks, traded on the public market, which provided a market valuation of the bank's capital. The conclusions are that the CoVaR seems to be a better measure for systemic risk in the banking sector than the VaR, which is more individual. And banks in developing countries in Europe do not provide significant risk for the banking sector as a whole. But it must be taken into account that some individuals that may find objectionable. Our results hence tend to a practical use of the CoVaR for supervisory purposes.
Introduction
During financial crises, losses tend to spread across the financial system more than average. The situation of crises gives rise to systemic risk. We define the systemic risk as the event in which spillovers across financial institutions can arise from liquidity spirals, fire-sales of assets and counterparty credit risk in financial sector. Systemic risk measures try to capture the potential spread of financial distress across sector. As a result, the correlation between the assets and liabilities of financial institutions tends to rise above the level excusably based on fundamental analysis. Therefore, it seems that the measures evaluating systemic risk should capture the potential spread of the difficult financial situation of the institution where deviation from the mean is higher (what is commonly referred to as extreme, "tail" part of the distribution of rates of return).
Recently MES, the so-called Marginal Expected Shortfall, of a financial institution, has been adapted as the systemic risk measurement 1 . The measure is defined as the expected equity loss per sum invested in the institutions if the whole market declines by a certain amount (a "tail event" in the system). In turn, Brownlees and Engle 2 proposed a multi-step modeling approach based on GARCH, Dynamic Conditional Correlations (DCC). Acharya et al. found that the MES of a large sample of US financial institutions was a good predictor of the total decline in equity valuation of firms experienced during the crisis 3 .
Lastly, the most common measure of risk used by banks is the value at risk (VaR), which estimates the risk of an individual institution. This proposed by the bank JP Morgan focuses mainly on the risks of individual institutions. The value of α -VaR is the maximum loss for a confidence level α, in the accepted interval Kupiec 4 and Jorion 5 . Note, however, that the measure that estimates the risk of a single institution does not necessarily reflect systemic risk or threat to the stability of the financial system as a whole. According to the classification adopted by the Brunnermeier's', Crocket, Goodhart, Perssaud and Shin 6 , a measure of systemic risk should determine the risk of the system by the individual systemically important institutions, which are connected to each other and so large that in case of a crisis may cause negative consequences for the other participants in the system, as well as the institutions that make up the system as a whole -"systemic as part of herd". The group of combined financial institutions that act as clones can be as dangerous to the system, as big systemically important entities Measuring systemic risk to individual banks and national banking systems will be verified using the CoVaR method. Thus, the estimates will be made conditional on the selected institutions measure and relative to the entire financial system. VaR calculations will apply to the entire financial system, provided that the institution i is in a crisis situation. The aim of the study is to estimate the contribution of systemic risk of the bank i in the analyzed sector of the country, in crisis conditions of bank i. The study has adopted the following hypotheses:
1. Evaluation of the banking system, closely based on the principles of valuation of individual financial institutions, i.e. as a static set of assets, ignores interactions arising from systemic risks.
2. Systemic risk is characterized by individualized nature, requiring a separate monitoring and management in each banking sector.
The rest of the paper is organized as follows. In section 2 we describe the CoVaR methodology. In section 3 we present our bank balance-sheet dataset. In section 4, we estimate of the contribution of European banks to the instability of the banking sector. Finally, section 5 concludes.
CoVaR methodology
For the state of financial failure of a financial institution X, VaR at probability level p is defined by:
We can say that the bank is in a crisis situation X, which access VaR (p) with a very low p level.
In order to assess risk-taking by individual institution macro-prudential regulations adopt the level of probability p equal to 1%. However, imposing the same p level restriction dedicated to the definition of banking crises for all banks, may not be the best solution. Due to the fact that a uniform level of losses in the definition of a crisis can not fit into a diversified financial situation of individual institutions.
Adrian and Brunnermeier 11 propose a risk measure based on VaR, but with contingencies -CoVaR, where "Co" is an abbreviation of "comovement" (the correlation), "contagion" (contagion effect), "conditional" (conditionality). They focus on the estimates of the conditional measure CoVaR where CoVaR is for selected institution i relative to the entire financial system.
Therefore, VaR calculations apply to the entire financial system, provided that the institution i is in a crisis situation.
Risk measure can be defined as the VaR institution j (the entire financial system), provided the incident and crisis institutions. Other words, can be expressed as q-quantile distribution of conditional probability:
The contribution of the institution i to the institution's risk j we denote the change:
Adrian and Brunnermeier 12 in their estimations of measure CoVaR studied the market changes in the value of assets of financial institutions, using the market value of equity and leverage of financial sector institutions, defining the distribution of changes in assets for institutions i at time t as:
where:
, and
t -book value of assets of institution i in time t, ME i t -market value of equity of institution i in time t, LEV t i -leverage, measure as assets to equity of institution i in time,
t -book value of equity of institution i in time t.
In order to estimate the size of CoVaR quantile regression was used for the financial sector due to changes in the rate of return financial institution i, for quantile q.
Directly using the assumptions of VaR can be determined VaR q for the entire financial system on condition X i as quantile q:
Financial Institutions Data
The analysis was carried out in banks, for which the number of observations exceed a period of five years and which are available on the websites of banks, Bankscope database, and the service of Thomson Reuters. The study was conducted in a period of 12 years, i.e. 
Estimates of the contribution of European banks to the instability of the banking sector -study
Based on an earlier literature review and recommended methods for assessing systemic risk, CoVaR calculations were made for the banking sector (previously defined as the VaR of the financial system provided under crisis event of institution i occurs). The aim of the study is to estimate the contribution of systemic risk by bank i in country j to the banking sector of country j. In addition, it will be created a ranking list of banks, which are a source of instability in the financial sector in developing countries of Europe. The study included commercial banks, only traded on the public market, which provided a market valuation of equity capital of the 40 largest commercial banks from 8 countries of developing Europe (Bulgaria, Latvia, Lithuania, Poland, Romania, Turkey, Ukraine, Hungary) 13 .
The analysis was carried out in banks, for which the number of observations exceed The study was conducted in two steps:
The first, CoVaR -the conditional value at risk for the banking sector was estimated, and the value of VaR for individual banks using the Algorithm (Eq. 2). Then the calculation of ΔCoVaR -the contribution of risk of the institution i to the banking system. The change in the value under distress conditions of bank i and the median value was specified as:
The condition of bank i failure were determined by VaR at confidence level q = 1%. The quantile regression equation takes the following form:
Comparison of individual risk values of
The estimation results are presented in Table 1 .
In the developing countries of Europe, the impact of risk measured by VaR of individual banks to the risk of the whole system is not large (see. Table 1 *, **, *** -respectively denote the level of significance of 1%, 5% and 10%. Characteristics of the banks participating in the survey in terms of size and risk taken are in Appedix I.
Source: own study.
Conclusions
The results of studies using the CoVaR indicator for measuring systemic risk confirmed earlier suspicions that the assessment of the banking system, closely based on the principles of insolvency).
The regulator should be more inclined to monitor the CoVaR of banks because it can help identify before a crisis which institutions are more likely to suffer the most severe losses ex post.
Our results hence tend to a practical use of the CoVaR for supervisory purposes.
Appendix I
Characteristics of the banks participating in the survey in terms of size and risk taken. Legend: (1) leverage ratio = volume of assets/equity of the bank, (2) the value of systemic risk = market value of assets, calculated on the basis of option pricing model -the book value of assets, (3) the systemic risk to equity = risk value system/equity of the bank, (4) capital ratio = equity/book value of assets.
